Introduction
Surgery in patients with inherited bleeding disorders is traditionally considered high risk. 1, 2 However, the establishment of Comprehensive Care Centres (CCC) in the UK for the management of inherited bleeding disorders has led to considerably improved outcomes. 3 Inherited bleeding disorders are rare and complex, mainly comprising of haemophilia and Von Willebrand Disease (VWD). Haemophilia is a life-long condition that is potentially debilitating, but a child with haemophilia born today can envisage a normal life expectancy and a good quality of life due to the availability of effective treatment in the form replacement therapy with recombinant or plasma-derived clotting factors. 4 There are two main forms of haemophilia: haemophilia A (average incidence 1:5000 males) and haemophilia B (average incidence 1:25000 males). Whilst the advent of effective and safe prophylaxis has reduced long term joint disease for those with the more severe form, delaying the need for orthopaedic surgery, 5 it has not altered the need for general surgical interventions. VWD, despite being more common, is generally considered a milder bleeding disorder affecting both males and females with average incidence of 1:1000. Although, severe VWD (type 3) can be a more significant bleeding disorder than mild Haemophilia A. Other clinically important inherited bleeding disorders include deficiencies of coagulation factors V, X, and XI and platelet disorders. 6 Inherited bleeding disorders require wide-ranging care and effective management within a multidisciplinary team setting. The modern treatments of inherited bleeding disorders are now remarkably effective and, although expensive, their provision with high standards has been made possible by the development of Comprehensive Care Centres (CCC) across the UK. 7 The Haemophilia Alliance is a United Kingdom wide partnership between patients with inherited bleeding disorders and healthcare professionals involved in the delivery of haemophilia care. The Alliance produced "National Service Specification for Haemophilia and Other Inherited Bleeding Disorders" in 2001 which was updated in 2006. 8 The aim of these guidelines was to provide a consistently high quality and comprehensive care for haemophilia patients across the UK. The service specifications have recommended that a CCC must have the provision of a general and specialist surgeon in order to manage these patients with very special needs. Surgery in patients with inherited bleeding disorders is complex and these procedures should be performed at a regional centre with expertise and provision of a multidisciplinary team.
There are 280 adult patients registered with inherited bleeding disorders in the relatively stable population of NI (Table 1) , not including known carriers, in contrast to only 43 reported in 1959. 9 This five-fold increase in registered cases is most likely a result of improved detection and registration rather than actual increase in incidence. A brief comparison of historical and current management of haemophilia and related disorders is given in Table 2 . 10, 11 Comprehensive care for these patients takes place via the BHSCT. Whilst the CCC is based at the Belfast City Hospital, surgery is spread across the three acute hospital sites; Belfast City Hospital, Royal Victoria Hospital, Mater Hospital and elective orthopaedic surgery at Musgrave Park Hospital. Patients are referred to specific consultant surgical teams to ensure an expertise can be developed rather than many consultant teams seeing very few patients. General surgical procedures can be performed with low morbidity and mortality when there is appropriate factor replacement and good support from the haematology team. 12 We present our experience of NI CCC, with specific emphasis on the management of these patients when they need general surgery (orthopaedic and endoscopic procedures excluded). A close collaboration and team work between the surgeon and haematologist is the key towards an optimum outcome for these patients. The aim of this review was to evaluate morbidity and mortality associated with general surgical procedures in adult inherited bleeding disorders patients managed within NI CCC.
Materials and methods
Patients with an inherited bleeding disorder who underwent non-orthopaedic general surgery between 2008 and 2012 were identified from the CCC records within the Belfast Health and Social Care Trust (BHSCT). Patients undergoing routine endoscopy procedures were excluded. Patients with haemophilia, VWD and platelet disorders were included. The case notes of these patients were examined.
Results
Twenty eight patients (a total of 29 procedures) were identified who had undergone surgery during the specified period in the NI CCC (Table 3 ). Twelve patients underwent general surgical procedures, 9 had vascular surgery and 7 patients underwent ENT/maxillofacial procedures. The cohort of patients comprised 17 patients with haemophilia, 9 with VWD and two with a primary platelet disorder. All patients undergoing elective surgery were seen by a consultant haematologist prior to referral to the surgeons. The surgical episode was led by the haematology team. The surgical team was informed of the patient's condition and the risk of bleeding and infection status (vCJD, Hepatitis C, HIV) and a written management protocol was produced for individual patients.
A specific bleeding diathesis management protocol was devised for individual patients (see components of the protocol in discussion). Local or regional anaesthesia, intramuscular injections, aspirin, warfarin, non-steroidal anti-inflammatory drugs (NSAIDs) and low molecular weight heparin for deep vein thrombosis (DVT) prophylaxis were avoided. Instead, patients were advised on mechanical thromboprophylaxis and given early mobilisation for VTE prophylaxis.
Four of 28 patients developed post-operative complications including two wound infections and two bleeding complications. The bleeding complications included a patient who developed wound haematoma which required evacuation ten days after the surgery. The second patient continued to bleed after ligasure haemorrhoidectomy and returned to theatre ten days after the surgery for haemostasis. In both cases, a bleeding point was identified and secured. Excessive peri-operative bleeding was not seen in either of the patients. Neither of the patients required blood transfusion or additional clotting factors on top of what had already been calculated to meet their particular needs. There were no delayed discharges. There was no mortality in this series.
Discussion
Following guidance in a UK National Health Service (NHS) circular in the early 1990s, 13 inherited bleeding disorders care in the UK has been organised into 24 CCCs and 51 smaller Haemophilia Centres (HCs). A CCC is defined as a centre with at least 40 patients with severe haemophilia that can offer the full range of specialised health services required for the effective management of these patients. The number of 40 was agreed at the time of writing the NHS guideline by a group of senior haemophilia consultants as this was deemed to be the minimum number of patients required for a centre to develop and maintain expertise in the management of haemophilia. 14 In providing general and specialist surgery, it is recommended that these procedures should be performed at a centre with expertise and which provides a comprehensive care programme. The UK treatment strategy for VWD is based on consensus guidelines produced by the United Kingdom Haemophilia Centre Doctors' Organization (UKHCDO) relating to the diagnosis and management of VWD. 15 Our experience from NI highlights the importance of an effectively working CCC. Effective communication and team work between surgeon and haematologist has led to minimal morbidity and no mortality in the surgical management of patients with inherited bleeding disorders. This is a similar finding reported by multiple studies in different specialities of surgery such as orthopaedic surgery, 5, 16 cardiothoracic, 17 urology 18 and recently liver transplantation. 19 Patients are reviewed two weeks prior to major surgery and their weight, base line blood tests including relevant clotting factor levels, inhibitor screen and viral screen are checked. Medication is reviewed and, should the patient be taking NSAIDs or any herbal medication, these are stopped as both have an anti-platelet effect which could potentially worsen the haemorrhagic complications of the surgery.
Elective surgery is discussed between the haematology and surgical teams and a surgical protocol is drawn up by the haematology team. This is designed to ensure that all members of the multidisciplinary team looking after the patient are fully acquainted and aware of their requirements. The surgical protocol has several key elements: information is essential for all healthcare professionals. More recently, the main area of focus has been patient's vCJD status. 21 It is important that the theatre and infection control teams are aware of patients deemed to be a public health risk for vCJD and protective precautions and disposable instruments are used where appropriate. Type of surgery. The haematology team should be made fully aware of the exact nature of the surgery, its duration and expected blood loss in a patient with a similar pathology but without the bleeding disorder, so that appropriate amount of factor replacement can be calculated. Surgical instrument management for those deemed to be a public health risk for vCJD should be discussed to avoid unnecessary quarantining.
Pre-operative management. The detail of necessary clotting factor replacement is provided including its type, dose, timing and who will infuse the factors in the pre and post-operative period. The type of factor VIII administered is important as this dictates the type of laboratory test (one stage or two stage clotting assay) used to check plasma levels post-infusion. In addition, certain Factor VIII gene mutations that cause haemophilia A result in discrepancies between assays requiring that patients should be genotyped. To achieve haemostasis for major surgical procedures in haemophilia, the aim is to achieve an initial plasma factor VIII level of 60e100 IU/dL. For VWD, a plasma VWF activity of around 100 IU/dL is required in the perioperative period with the level maintained at greater than 50 IU/dL in the postoperative period. For patients with mild haemophilia A and type 1 VWD, a documented response to DDAVP should be obtained ahead of the planned surgery. This level is checked and confirmed prior to the surgery. Infusion of clotting factor and checks on plasma clotting factor level are provided by a specialist haematology nurse who remains available for the entire surgical episode.
In general, clotting factor VIII and factor IX concentrates are given as an initial bolus followed by a continuous infusion. Infusion of factor VIII concentrate at a dose of 2e4 U/kg/h can maintain stable plasma levels but it is important to re-check the level throughout the surgery and in the immediate postoperative period as the rate of consumption may be increased if additional blood loss occurs. Continuous infusion offers the advantage of consistent levels, less frequent monitoring, and decreased factor utilization. A similar effect has been noted with factor IX concentrates. Antifibrinolytic therapy may be indicated alongside factor replacement to further reduce the risk of haemorrhage. Other treatment options, depending on the surgery and the patient's underlying bleeding disorder, include desmopressin, Von Willebrand factor concentrate, or activated recombinant factor VII. Regional anaesthesia is relatively contraindicated even with factor concentrate administration. Regional anaesthesia may be offered to some patients with extensive comorbid conditions. However, this would only be undertaken with onsite access to a haematology laboratory as factor levels need to be checked throughout the surgery. This would not be required if the patient receives general anaesthesia.
Clotting factor levels should not exceed the limits stated above due to an increased risk of venous thrombosis.
Peri-operative management. This section contains all the emergency telephone numbers for contact if excessive bleeding is encountered. The haematology registrar and consultant are available out of hours for emergency consults. It also highlights whether further concentrates are required to be given during the surgery. This tends to occur if the surgery is expected to exceed 4 h.
Post-operative management. If required, factor levels are advised to be checked at the time of completion of the surgery. Blood is taken from a peripheral vein and every effort is made to ensure the sample is free from heparin contamination. A clotting factor level of 100% is the aim. The rate of consumption of clotting factors is greatest within the first two to three days after the surgery, the dose required and levels are reduced thereafter. The checking of the levels and their frequency are highlighted. Further to the surgery, if physiotherapy is anticipated, directions are given as to when this should be safely undertaken e generally within the first few hours of the morning dose of concentrate, ensuring the level is at its peak. Discharge advice. Frequently, patients recover from their surgery sooner than the replacement factor therapy can be stopped. The patients are discharged at the discretion of the surgical team 22 and the haematology team is advised regarding the timing of surgical clips removal (if used) so that adequate factors level could be ensured. Further to discharge, on-going factor replacement programme is continued either through the CCC or via local hospitals, a link for which has been long established and works seamlessly. All patients are reviewed weekly within the CCC for three weeks after the operation, followed by routine review.
Conclusions
Our patients with inherited bleeding disorders undergoing nonorthopaedic surgery had low incidence of complications with no additional factors or treatment required over and above the amount stipulated in the protocol devised prior to surgery. No patient required blood transfusion. There was no mortality in this series. Surgery in patients with inherited bleeding disorders has become safer with the advent of multidisciplinary CCCs. Close communication between surgeon and haematologist is the key to successful management of these patients.
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